Moisture sensor with capacitive moisture measuring element and method of 

determining air humidity 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The invention relates to a method of determining moisture with a capacitive 

moisture-sensitive element, and an apparatus for carrying out the method. 

2. Description of Prior Art 

Such apparatuses and methods are advantageously used in the heating, 
ventilation and air-conditioning art (HVAC) for buildings for determining the air 
10 humidity in a room or in a device for supplying or discharging air. 

Capacitive moisture measuring elements deliver a capacitance value in 
dependence on the air humidity in the area around the measuring element. That 
capacitance value can be measured by means of an electronic evaluation system. A 
current moisture value is ascertained with the measured capacitance value, using 
1 5 further parameters such as temperature and comparative parameters. 

Capacitive moisture measuring elements are available on the market in various 
different forms, and by way of example reference will be made here to 'HS1100' from 
Humirel, l MiniCap2 , from Panametrics, 'H5000 ? from Gefran, 'Hygromer C-94 1 from 
Rotronic and 'HCIOOO 1 from E+E Elektronik. The manufacturers of moisture 
20 measuring elements generally also propose circuits, by means of which air humidity 
can be measured. In many cases an oscillator circuit with a generally known 
multivibrator '555' is proposed for use of the specified moisture measuring elements. 

US Patent No. 5,844,138 also discloses a device of that kind in which a 
capacitive moisture sensor is part of an oscillator. The frequency of the oscillator is 
25 dependent on the condition of the moisture sensor and thus the moisture level. 

In known devices for measuring air humidity, the capacitive moisture sensor 
used is considered as an ideal capacitor involving a variable capacitance. Experience 
has shown that this simplification, for certain uses, gives rise to unacceptably large 
deviations between an air humidity value ascertained in the known manner and the air 
30 humidity value which is actually present. In particular mention should be made of the 
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fact that the properties of individual examples in the case of capacitive moisture 
measuring elements of the same kind can suffer from relatively severe scatter. 

BRIEF SUMMARY OF THE INVENTION 
The object of the present invention is to improve known methods of 
5 determining air humidity in such a way that it is possible to achieve a substantial 
improvement in the level of measuring accuracy with a conventional capacitive 
moisture measuring element. In this respect the invention also seeks to provide an 
apparatus with which the method can be carried into effect. 

In accordance with a first aspect of the present invention, there is provided a 
10 method of determining air humidity with a capacitive moisture measuring element, 
comprising the method steps of: 

- charging and/or discharging the capacitive moisture measuring element by 
way of a first measuring resistor, wherein a first time constant or a first period duration 
of the charging and/or discharging operation is ascertained, and 
15 - charging and/or discharging the moisture measuring element by way of a 

second measuring resistor, wherein the value of the second measuring resistor is 
different from the value of the first measuring resistor and wherein a second time 
constant or a second period duration of the charging and/or discharging operation is 
ascertained. 

20 In accordance with a second aspect of the present invention, there is provided a 

moisture sensor comprising a capacitive moisture measuring element and a signal 
preparation unit connected to the moisture measuring element, with means for carrying 
out the method of the first aspect of the present invention. 

Advantageous configurations are set forth in the dependent claims. 
25 BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the invention are described in greater detail hereinafter with 
reference to the drawing in which: 

Figure 1 shows a block circuit diagram of a moisture sensor with a capacitance 
moisture measuring element for determining air humidity, 
30 Figure 2 shows a general circuit for measurement determination on the part of 

the capacitive moisture measuring element, 



Figure 3 shows a graph with the voltage configurations in principle at the 
capacitive moisture measuring element, 

Figure 4 shows a further circuit for measurement determination on the part of 
the capacitive moisture measuring element, 

Figure 5 shows a typical configuration of a moisture signal in a cycle having a 
humidification phase and a dehumidification phase, and 

Figure 6 shows a typical configuration of the moisture signal in response to an 
abrupt change in humidity. 

DETAILED DESCRIPTION OF THE INVENTION 

A moisture sensor shown in Figure 1 has a capacitive moisture measuring 
element 2 connected to a signal preparation unit 1 and an evaluation unit 3 connected 
on the output side of the signal preparation unit 1. 

In an advantageous implementation the moisture sensor also has a data 
structure 4 which can be used for the evaluation unit 3. For further improving the 
properties involved the moisture sensor can be supplemented by a correction unit 5 
connected on the output side of the evaluation unit 3 and/or a monitoring unit 6 
connected to the signal preparation unit 1. A moisture signal H at an output 7 of the 
moisture sensor can advantageously be matched by way of an interface unit 8. 

Depending on the respective requirements involved the moisture signal H in 
the interface unit is prepared for a standard provided at the output 7, for example in the 
form of a digital signal and/or in the form of an analog signal. 

Certain electrical properties such as a capacitance or an ohmic resistance of the 
capacitive moisture measuring element 2 can be altered by the humidity of the ambient 
air surrounding the moisture measuring element 2, in such a way that they can be 
detected by the signal preparation unit 1 . 

When the demands made on the level of measuring accuracy are high the 
moisture measuring element 2 cannot be modelled as an ideal capacitor - that is to say 
as pure capacitance. It has been found however that, in a frequency range between zero 
and about 50 kHz, the moisture measuring element 2 can be modelled to a good 
approximation by a parallel circuit of a variable capacitance C and a variable ohmic 
resistance Rp. The values of the capacitance C and the resistance Rp are dependent not 



only on the moisture level but also on temperature and in addition generally involve 
scatter within a production series. 

A current capacitance value Ci of the moisture measuring element 2 is 
ascertained by the signal preparation unit 1 and made available to the evaluation unit 3 
for calculating the air humidity value Hi which prevails at the moisture measuring 
element 2. The air humidity value Hi is advantageously calculated by means of the 
data structure 4 for the current capacitance value Ci. The data structure 4 is for 
example a table or a mathematical relationship between the capacitance C and air 
humidity, wherein if required still further parameters - for example the air temperature 
- are also incorporated. The moisture sensor is generally to be designed in such a way 
that the moisture signal which it generates is a measurement in respect of relative air 
humidity RH. For example a range of values of between 0%rh and 100%rh is 
associated with the relative air humidity. 

Figure 2 shows the moisture measuring element 2 in broken line, being 
modelled by the parallel circuit of the capacitance C and the ohmic resistance Rp. In 
order to ascertain the current capacitance value Ci or a current resistance value Rpi of 
the model the moisture measuring element 2, in accordance with the invention, is 
charged and/or discharged by a voltage source V(t) and a change-over switch S in a 
first measuring run by way of a first measuring resistor Rl and also charged and/or 
discharged in a second measuring run by way of a second measuring resistor R2. 

In an advantageous implementation of the signal preparation unit 1 the voltage 
source V(t) and the change-over switch S are controlled by a control module 10. The 
control module 10 is embodied by way of example with a suitably programmed 
microcomputer or microprocessor. 

The values of the two measuring resistors Rl and R2 are different and are 
advantageously to be selected to be smaller than the smallest expected value of the 
resistance Rp. In order to ascertain the current capacitance value Ci and the current 
resistance value Rpi the configurations of the voltage u(t) across the moisture 
measuring element 2 are evaluated for the two measuring runs, for example by the 
control module 10. Either two different time constants Tl and T2 or two different 
period durations can advantageously be calculated from an evaluation of the two 
measuring runs, depending respectively on whether the moisture measuring element 2 
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is only charged or discharged during a measuring run, or whether it is charged and 
discharged in each measuring run. 

By means of the two time constants Tl and T2 or the two period durations it is 
possible to calculate the current capacitance value Ci and the current resistance value 
5 Rpi for advantageous modelling of the moisture measuring element 2. 

Periodic discharging of the moisture measuring element 2 is described by way 
of example hereinafter, in accordance with the diagrammatic circuit shown in Figure 2. 
With this description of the measuring procedure selected, it is possible to understand 
conversion to an equivalent measuring run with periodic charging or also with periodic 
10 charging and discharging, without major complication. 

In Figure 3, in relation to the circuit shown in Figure 2, the running time t is 
entered in a co-ordinate system on the abscissa 1 1 and the voltage level is entered on 
the ordinate 12. 

Prior to the first measuring run - at t<t0 in Figure 3 - the voltage source V(t) 
15 supplies the value V0 and the moisture measuring element 2 is charged to a value U10 
in accordance with the ratio of the voltage divider formed by the first measuring 
resistor Rl and the ohmic resistance Rp. 

From a time tO the voltage source V(t) acts as a short-circuit so that the 
capacitance C of the moisture measuring element 2 is discharged by way of the 
20 resistors Rl and Rp connected in parallel with respect to the capacitance C. Discharge 
affords a voltage configuration ul(t) at the moisture measuring element 2. 

With the e-function exp() the following applies for the voltage ul(t): 
ul(t) = V0 ■ (Rp / (Rl + Rp)) ■ exp (-t / Tl) 
and the following applies for the first time constant Tl : 
25 Tl = C / (1 / Rl + 1 / Rp) (equation 1) 

The first time constant Tl can be calculated if two points of the configuration 
ul(t) are measured in the first measuring run. A first point occurs at a first voltage 
threshold Ua and a second point at a second voltage threshold Ub. 

With U10 = V0 • (Rp / (Rl + Rp)) the following applies for the first voltage 
30 threshold Ua: 

Ua = U10-exp (-tla/Tl) 

while the following applies for the second voltage threshold Ub: 
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Ub = U10exp (-tlb/Tl). 

The following follows from the two equations for the voltage thresholds Ua 
andUb: 

Ua / Ub = exp (-tla / Tl) / exp (-tlb / Tl). 
5 By logarithming with the base e: 

In (Ua / Ub) = (tlb / Tl) - (tla / Tl). 

And finally for the first time constant Tl : 
Tl = (tlb - tla) / In (Ua / Ub) (equation 2) 

Also prior to the second measuring run - at t<tO in Figure 3 - the voltage source 
10 V(t) delivers the value V0 and the moisture measuring element 2 is charged to a value 
U20 in accordance with the ratio of the voltage divider formed by the second 
measuring resistor R2 and the ohmic resistance Rp. 

From a time tO the voltage source V(t) acts as a short-circuit so that the 
capacitance C of the moisture measuring element 2 is discharged by way of the 
15 resistors R2 and Rp connected in parallel with respect to the capacitance C. Discharge 
gives a voltage configuration u2(t) at the moisture measuring element 2. 

With the e-function exp(), the following applies for the voltage U2(t): 
u2(t) = VO • (Rp / (R2 + Rp)) - exp (-t / T2) 
while the following applies for the second time constant T2: 
20 T2 = C / (1 / R2 + 1 / Rp) (equation 3) 

Similarly to calculation of the first time constant Tl the second time constant 
T2 can be calculated if two points in respect of the configuration u2(t) are also 
measured in the second measuring run. A first point is at a first voltage threshold Ua 
and a second point at a second voltage threshold Ub. 
25 With a time t2a for the first point in the course of the discharge u2(t) and a time 

t2b for the second point, the following applies in respect of the second time constant 
T2: 

T2 - (t2b - t2a) / In (Ua / Ub) (equation 4) 

With the time constants Tl and T2 ascertained in the two measuring runs it is 
30 possible to calculate the capacitance C and the ohmic resistance Rp of the moisture 
measuring element 2 as follows: 
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If equation 1 and equation 4 are resolved in accordance with 1/Rp and equated, 
the following applies in respect of the capacitance C of the moisture measuring 
element 2: 

C=T1 • T2 • (R2 - Rl) / (Rl • R2 ■ (T2-T1)) (equation 5) 

5 If equation 1 and equation 4 are resolved in accordance with C and equated, the 

following applies in respect of the ohmic resistance Rp of the moisture measuring 
element 2: 

Rp = Rl - R2 • (T2 - Tl) / (Tl ■ R2 - T2 • Rl) (equation 6) 

The two voltage thresholds Ua and Ub are advantageously to be so selected 
10 that the two time differences tlb - tla and t2b - t2a which are required in equation 2 

and equation 4 respectively can be sufficiently accurately ascertained in terms of 

measurement procedure. The thresholds Ua and Ub are advantageously so selected that 

the times tla, tlb, t2a and t2b of measurement occur rather in the steep region of the 

discharges ul(t) and u2(t), but are not too close together in terms of time. A good 
15 degree of accuracy is afforded if the first voltage threshold Ua is at 50% of the 

maximum voltage of the source V(t) and the second voltage threshold Ub is at 25% of 

the maximum voltage of the source V(t). 

The current capacitance value Ci and the current resistance value Rpi of the 

moisture measuring element 2 can advantageously also be ascertained by means of a 
20 universal timer unit. Figure 4 shows the circuitry in principle by means of the example 

of a timer unit 20 which is generally known as type 555 and is offered by a number of 

manufacturers and which is also offered inter alia under type designations LM1455, 

MC1455 or MC1555. 

The timer unit 20 is connected as a multivibrator by way of the unit terminals 2 
25 - 'trigger 1 - , 6 - 'threshold' - and 7 - 'discharge' wherein the period duration of an 

output signal V at the unit terminal 3 'output' of the timer unit 20 is dependent on the 

moisture measuring element 2 and the resistors RA, RB and R. 

The resistor R can be connected in parallel with the resistor RA by way of a 

switch SI actuable by a control unit 21 . 
30 In an advantageous variant of the invention the moisture measuring element 2 

is charged in a first measuring run with the switch S 1 in the open condition by way of 
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the resistors RA and RB and discharged by way of the resistor RB, in that respect a 
first period duration of the signal F can be detected by the control unit 21. 

In a second measuring run the moisture measuring element 2, with the switch 
SI closed, is charged by way of the resistor RB and the parallel circuit of the resistors 
RA and R and discharged by way of the resistor RB, in that case a second period 
duration of the signal F can be detected by the control unit 21. 

In this embodiment also therefore the moisture measuring element 2 is charged 
by the two measuring runs by way of two different resistance values so that two period 
durations of different lengths can be detected by the control unit 21 . 

Current values Ci and Rpi for the capacitance C and the ohmic resistance Rp of 
the moisture measuring element 2 are calculated by means of the two period durations. 
The control unit 21 is advantageously implemented by a microcomputer which also 
calculates the current values Ci and Rpi. 

In an advantageous alternative configuration of the moisture sensor a change in 
the ohmic resistance Rp is detected by the monitoring unit 6 over a relatively long 
period of time, that is to say over several months or years. A greater deviation ARp in 
the value of the ohmic resistance Rp can point to an error or advanced ageing of the 
moisture measuring element 2. For error diagnosis, by way of example a signal 
corresponding to the deviation ARp is outputted at a further output 15 of the moisture 
sensor 2 (Figure 1). 

It was possible to demonstrate that, if the moisture measuring element 2 is 
subjected to a cycle consisting of a humidification phase 30 and a dehumidification 
phase 31, the humidity value Hi measured by the moisture measuring element 2 
typically follows a hysteresis 32 shown in Figure 5. In the humidification phase 30 the 
humidity value Hi measured at a certain relative air humidity RH follows a lower flank 
33 of the hysteresis 32 while in the dehumidification phase 31 the humidity value Hi 
measured at a certain relative air humidity RH follows an upper flank 34. The 
hysteresis 32 therefore basically acts as an error in such a way that an excessively high 
humidity value Hi is measured in the dehumidification phase 31 and an excessively 
low humidity value Hi is measured in the humidification phase 30. 

Depending on the type of moisture measuring element 2 being investigated, an 
error caused by the hysteresis 32 is in the range of between 0.5% and 3%. 
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It was also possible to show that, after abrupt changes in the relative moisture 
level RH in one direction (Figure 6), the moisture measuring element 2 measures the 
same humidity value Hi, more specifically irrespective of how great the abrupt change 
in relative moisture level RH is. That behaviour applies both in respect of abrupt 
5 dehumidification and also in respect of abrupt humidification. Figure 6 shows by way 
of example a first jump response 36 and a second jump response 37, wherein the first 
jump response 36 occurs in response to a relatively large jump from a first starting 
value RH1 to an end value RHe and the second jump response 37 is in response to a 
relatively small jump from a second starting value RH2 to an end value RHe. 

10 Therefore after a certain time a signal from the moisture measuring element 2 

also settles down to the same humidity value Hi if the change in relative moisture RH 
changes abruptly to the end value RHe in the same direction. Such jumps in relative 
moisture RH can occur for example when switching a regulating device on or off. In a 
regulation application of that nature, it is to be borne in mind that an error 38 caused 

15 by the hysteresis 32 (Figure 5) can be corrected only in the steady-state condition. So 
that it is possible to establish in the regulating application whether the reference value 
has abruptly changed, it is possible for example to check whether the humidity value 
Hi was in a given band 39 at a certain time t* in the past, wherein the band is to be 
matched to the transient synchronising behaviour of the regulating application. 

20 In order to increase the level of measuring accuracy which can be achieved a 

corrected moisture signal Hci is calculated for a current moisture signal Hi which is 
ascertained from electrical properties of the moisture measuring element 2, in which 
respect in a measuring phase with a rising level of relative air humidity RH the 
corrected moisture signal Hci is the current moisture signal Hi increased by a 

25 correction value a(RH) and wherein in a measuring phase with a falling level of 
relative air humidity RH the corrected moisture signal Hci is the current moisture 
signal Hi reduced by a correction value a(RH). 

The level of measuring accuracy of the moisture sensor can be increased by a 
correction unit 5 in which a corrected moisture value Hci is calculated for a moisture 

30 value Hi ascertained for the moisture measuring element 2, wherein in a measuring 
phase with a rising relative air humidity RH the corrected moisture value Hci is the 
current moisture value Hi increased by a correction value a(RH) and wherein in a 
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measuring phase with a falling relative air humidity RH the corrected moisture value 
Hci is the current moisture value Hi reduced by a correction value a(RH). The 
correction unit 5 of the moisture sensor is advantageously connected between the 
evaluation unit 3 and the interface unit 8. 
5 The correction value a(RH) which is taken into consideration in the correction 

unit 5 is basically dependent on the relative humidity RH and is stored for example in 
the form of a mathematical formula or table in the correction unit 5. When the 
demands involved are slight or when the hysteresis 32 (Figure 5) is of a desirable 
form, the required degree of measuring accuracy can possibly already be achieved if 
10 the correction value a(RH) is taken into account independently of the current relative 
moisture RH as a constant. 



